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This is a retrospective study of 12 patients with enlargement of the posterior horns of the lateral ven-
tricles and recurrent falls. The cause was posterior cortical atrophy in eight patients and white matter
disintegration in four. Changes in the gray and white matter in the parieto-occipital regions and ven-
tricular expansion are associated with disintegration of the visuospatial and attentional mechanisms,
compromising safe navigation and mobility, and increasing the risk of falls. Age, hypertension, and
diabetes in the study could independently increase the risk of falls, and could be factors in the devel-
opment of structural and functional changes in the areas involved.
Copyright © 2015, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Posterior cortical atrophy (PCA) is a neurodegenerative condi-
tion1 characterized by an array of manifestations. They include
higher visual and spatial deﬁcits with subsequent development of
components of Balint's and Gerstmann's syndromes and trans-
cortical sensory aphasia. Balint's syndrome is characterized by optic
ataxia, gaze apraxia and asimultanagnosia and Gerstmann's by
acalculia, ﬁnger agnosia, and lefteright discrimination. Among
patients with PCA several symptom clusters or subsyndromes
emerge, which have recognized correlates; for example, Gerst-
mann's syndrome is due to left angular dysfunction and Balint's
syndrome to bilateral parieto-occiptal dysfunction, amongst others.
Memory and cognition are spared until late in the course of the
illness.2 The syndrome is associated with a variety of underlying
pathologies. The pathological ﬁndings commonly reported are that
of Alzheimer's disease. It is often deﬁned as a variant or atypical
form of Alzheimer's disease, although the clinical presentation is
distinctly different to Alzheimer's disease. Although posterior
cortical atrophy does not represent a single pathology, it may not be
the pathology but the neurobiological changes that are most rele-
vant to the clinical features.3 Localized ventricular dilatation of theth Rocks NSW 2151 Australia.
tnam).
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d/4.0/).brain can be due to ex-vacuo dilatation resulting from either cere-
bral atrophy (gray or white matter or both) or to structural damage
to the brain parenchyma as from stroke or trauma.
The purpose of this study is to join the dots between dilatation
of the posterior horns of the lateral ventricles and falls and fallers.
This is a retrospective study of 12 patients with unexplained
recurrent falls seen over a period of 4 years. The inclusion criterion
for this study was the ﬁnding of dilatation of the posterior horns of
the lateral ventricles on visual inspection of the computed to-
mography (CT) scan of the brain and falls. Ventricular enlargement
on CT was assessed by linear measurement of the ventricle to brain
size and this was done for both anterior and posterior horns of the
lateral ventricles and ventricular to brain size (VBR) calculated.2. Case reports
2.1. Case 1
A 68-year-old man from an aged care facility presented with a
history of recurrent falls and unsteadiness of gait over a period of 1
year but this could have been longer. He had epilepsy and was well
controlled on dilantin sodium and valproate. He had been a heavy
drinker but had reduced the intake over the past year or so.
When seen, he was alert with a near normal attention span.
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tion (MMSE) score was 13/30. Episodic memory for past and recent
events were grossly impaired. On neurological examination the
patient was asked to touch a point on a picture and to trace a line
drawing. He had difﬁculty in coordinating eye and hand move-
ments. He could not trace the outline of a map (optic ataxia). The
patient was told to look at an object held at his side and then to look
at the examiner's nose and the patient was unable to do so (apraxia
of gaze). The patient was unable to appreciate the signiﬁcance of a
picture or scene as a whole, although individual parts are recog-
nized.When asked to pick the objects on the tray he picked four out
of 10 objects (asimultanagnosia). Lefteright orientation was not
possible, and neither was identiﬁcation of ﬁngers. Muscle strength
and bulk were normal in all four limbs. Sensation for primary
modalities were normal, as was position sense. Romberg sign was
negative. There was a sway on standing and a tendency to grab on
to surrounding objects. The gait was abnormal with listing to one
side. CT scan showed marked dilatation of the posterior horns
bilaterally and adjacent cortical atrophy. There was no signiﬁcant
cerebellar atrophy (Fig. 1).
2.2. Case 2
A 79-year-old right-handed womanwas seenwith unsteadiness
of gait and recurrent falls. She was independent with self-care. She
had a history of hypertension and hypercholesterolemia, which
were adequately controlled with medications, but no history of
cerebrovascular accidents. She was a nonsmoker and consumed
small amounts of alcohol occasionally.
Physical examination revealed no evidence of cardiac decom-
pensation. The blood pressure was 160/90 mmHg. Her speech was
ﬂuent and she was oriented to time and place. Her concentration
was normal and she scored 28/30 on the MMSE. The cranial
sensation and reﬂexes were normal. She manifested optic ataxia
and partial asimultanagnosia. Lefteright orientation was possible,
as was identiﬁcation of ﬁngers. The gait was unsteady with a wide
base and a sway to the right. Tandem stance and tandemwalk were
not possible. The CT scan of the brain showed no evidence of a focal
lesion. The left posterior horn of the lateral ventricle was enlarged
with cortical atrophy.
2.3. Cases 3e12
These were nine men and one woman. The average age was 75
years (range 68e95 years). Comorbidities included two with hy-
pertension (Cases 5 and 11) well controlled onmedications and oneFig. 1. (A) Computed tomography scan of Case 1 demonstrating symmetry of ventricular enla
to the right posterior horn. (B) Computed tomography scan of Case 6 demonstrating symm
hypodensities in relation to the lateral ventricles.of the two also had ﬁts. Two of patients had a history of heavy
drinking in the past (Cases 8 and 10). Two had diabetes (Cases 4 and
6) and were on oral hypoglycemic drugs. In two patients, the initial
mistaken diagnosis was a progressive cerebellar disorder. Six of the
10 patients in the study group had one or more components of
Balint's syndrome, namely optic ataxia, apraxia of gaze, and asi-
multanagnosia. Only two had all three components and four of the
remaining eight had only optic ataxia. Five had gaze apraxia and ﬁve
asimultanagnosia. Two had components of Gerstmann's tetrad,
namely ﬁnger agnosia, right-left confusion, acalculia and agraphia.
All had abnormal gait from a slight sway to gross ataxia. Muscle
strength and bulkwere normal in all. Cognitionwas normal in three
patients (Cases 5, 6, and 11) and the remaining seven had mild
(Cases 3, 4, 7,10, and12) ormoderate impairment (Cases 8 and9). All
10 had minimal to moderate dilatation of the sulci on the CT scan.3. Discussion
The patients were selected because of recurrent falls on the
basis of ventricular enlargement of the posterior horns of the lateral
ventricles on visual inspection of the CT scans. Measurement
techniques range from visual inspection to linear measurements to
area and volumetric measurements.4 Visual measurements are
simple and easy to perform but the ﬁndings may be variable and
inconsistent. Linear measurements on CT scans have been used to
evaluate atrophic processes and ventricular enlargement and in-
vestigators have used ratios such as VBR.4 Ventricular enlargement
in our study was on visual inspection and the degree of ventricular
enlargement evaluated by the VBR (Evans' index). An index with a
ratio exceeding 0.3 was taken as indicative of ventricular enlarge-
ment (Table 1).
Furthermore, visual inspection can be used to designate atrophy
by applying rating scales.4 All our patients had minimal to mod-
erate widening of the sulci on the CT scan and atrophy was char-
acterized by the widened sulci. Koedam et al,5 in order to assess the
degree of atrophy in the clinical setting, developed a magnetic
resonance imaging (MRI) visual rating scale for posterior atrophy.
They described a four-point rating scale using MRI examinations,
with 0¼ no atrophy and 3¼ severe end stage atrophy, based on the
extent of widening of the sulci and volume loss of the gyri and an
overall score on the presence of atrophy in sagittal, axial and cor-
onal sections. We were unable to assess cortical atrophy reliably
because MRI was not performed. Enlargement of the posterior
horns of the lateral ventricles can be due to white matter degen-
eration or gray matter atrophy, in some instances the former more
than the latter.rgement of the posterior horns and cortical atrophy and a small hypodense area medial
etry of ventricular enlargement of the posterior horns and a higher section showing
Table 1
Patient characteristics, ventricle/brain ratio, neurological and neurobehavioral changes.
Case Age/sex Presentation, comorbidities CT scan ventricle/
brain ratio
Cognition Balint's syndrome Gerstmann's syndrome
Ph-L Ph-R (MMSE) OA GA AS Ac Ag L-R FA
1 68/M Unsteady gait, falls, alcoholism, epilepsy 0.64 0.61 Moderate þ þ þ þ þ d þ
2 79/F Unsteady gait, falls, hypertension 0.38 0.30 Normal þ ND þ(p) d d þ d
3 80/F Forgetfulness, falls 0.37 0.40 Mild d d d þ d d ND
4 60/M Poor memory, diabetes 0.28 0.53 Mild þ d þ þ d ND ND
5 68/M Falls, hypertension 0.46 0.46 Normal d d d d d ND ND
6 70/M Falls, memory loss, diabetes 0.34 0.39 Normal þ þ d d d ND ND
7 75/M Unsteady gait, falls, epilepsy 0.39 0.48 Mild d d þ d d ND ND
8 80/M Poor memory, falls, alcoholism 0.60 0.60 Moderate þ þ þ þ þ þ ND
9 95/M Poor memory, falls, poor vision 0.40 0.46 Moderate þ þ þ þ þ ND ND
10 78/M Forgetfulness, falls, alcoholism 0.40 0.28 Mild þ þ d þ þ þ ND
11 81/M Memory loss, hypertension 0.33 0.28 Normal d þ d d d d ND
12 79/M Forgetfulness, falls 0.38 0.33 Mild þ d þ þ þ d ND
MMSE < 9 ¼ severe; 10e20 ¼moderate; > 21 ¼mild; > 28 ¼ normal. þ present and e absent. Cases 3, 5, 7, and 11 did not fall within the posterior cortical atrophy spectrum.
Not shown in table: Left anterior horn (range 0.16e0.31 average 0.22); right anterior horn (range 0.14e0.29, average 0.20).
Ac ¼ acalculia; Ag ¼ agraphia; AS ¼ asimultanagnosia; FA ¼ ﬁnger agnosia; GA ¼ gaze apraxia; L-S ¼ lefteright discrimination; MMSE ¼ mini mental state examination;
ND ¼ not done or not documented; OA ¼ optic ataxia; Ph -L ¼ left posterior horn; Ph-R ¼ right posterior horn.
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PCA1 are: (1) insidious onset and slow progression; (2) visual def-
icits in the absence of ocular disease; (3) relatively preserved
memory; (4) symptoms of Balint's syndrome; and (5) absence of
stroke. Other supportive features include alexia, ideomotor apraxia,
agraphia, acalculia, onset before age 65 years, and neuroimaging of
PCA or hypoperfusion.1 Eight of the 12 patients satisﬁed all ﬁve
criteria and could be considered as having PCA. Four cases (3, 5, 7,
and 11) did notmeet the criteria andwere deemed not to fall within
the PCA spectrum and could be due to white matter disintegration.
Disorders such as optic ataxia and simultanagnosia can result
from damage to the association cortices of the occipitoparietal re-
gions that are associated with visuospatial integration. There are
several subsets in PCA consisting of variable number of components
of the Balint's and Gerstmann's syndromes. All the components
need not necessarily be present to constitute the syndrome, indi-
cating that syndrome does not depend upon single brain mecha-
nism.6 Complete Balint's syndrome was seen in only three patients
(Cases 1, 8, and 9) in our study and hence the manifesting
component may depend on the structure and function of the area
involved. According to Balint,6 optic ataxia is the result of discon-
nection between visual and motor centers and gaze apraxia is a
consequence of attention impairment.
The neurological and neuropsychological deﬁcits in PCA are
attributed to the occipital and parietal cortices.2 Structural neuro-
imaging has demonstrated parieto-occipital atrophy and functional
imaging has revealed bilateral hypometabolism and hypoperfusion
in these areas. Leuokoaraiosis, meaning rarefaction of white matter,
appears as hypodensities on the CT scan. On the MRI on T2 images
they appear as white matter hyperintensities (WMH). All the pa-
tients in this study showed hypodense areas in relation to the
anterior and posterior horns of the lateral ventricles more so
anteriorly. White matter changes are commonly seen in the elderly
and stroke and Alzheimer's disease patients among others. WMH is
said to be due to incomplete infarction or to Wallerian degenera-
tion.7 The possible mechanisms as to how cortical atrophy occurs
include corticalesubcortical deafferentation followed by cortical
neuronal loss resulting from demyelination of the axons.7 WMH
may affect cortical atrophy in different regions differently.7
Vascular and endothelial dysfunction have been implicated in
mechanism underlying white matter lesions.8 Cardiovascular fac-
tors have an impact in vascular function and have been associated
with white matter hyperintensities. The volume of the cerebral
ventricles is determined by the nuclei and white matter tracts thatabut them and the rate of ventricular expansion may accelerate
with age.9 Cerebrovascular disease such as hypertension, small
vessel disease, history of transient ischemic attacks and diabetes
among others are associated with increased risk of white matter
changes.9 Loss of white matter integrity in aging has been reported
and whether this is the result of aging or results from speciﬁc white
matter pathology is unclear.10
There is a strong association between postural stability, gait, and
falls. Elderly patients with history of falls show deﬁcits in visual
spatial attention11 and fallers tend to fall because of impairment of
visual spatial attentionwhichmay result in problemswith planning
and guiding movements.11 Fallers have a limited focus of attention
compared to nonfallers.12 There are two aspects to visual spatial
control, namely attentional control and attention facilitation. The
former concerns the ability to orient attention to a particular
location in visual space11 and the latter determines whether the
attentional orienting affects the sensory/perceptual sensitivity at
the attention location.12 Occiptoparietal regions are associated with
visual spatial integration and attentional mechanisms and visual
spatial dysfunction has been related to falls risk.12 Higher order
visual attentional difﬁculties may be present in patients with PCA1
and may cause problems with navigation.
All our patients presented with unsteadiness of gait and three
had been labeled earlier as having a progressive cerebellar disorder.
Another likely explanation for the falls is that damage to the so-
matosensory areas could give rise to postural instability and ataxia.
There is a similarity of the ataxia due to damage of the somato-
sensory association cortex to that of a lateral cerebellar lesion.13 The
lateral cerebellum interposed between the association cerebral
cortex and the motor cortex integrates information into a motor
program to be executed by the motor cortex.13 Thus, not only
damage to the lateral cerebellum with loss of adequate motor
programming could give rise to ataxia but also deprivation of in-
formation to the lateral cerebellum from the information providing
areas that is the somatosensory association cortex could give rise to
identical results.13
Over the past decade considerable importance has been attrib-
uted to cognitive functioning.14 There is considerable support for
the concept that cognition and gait are connected.15 The higher
cognitive processes that control, integrate and organize other
cognitive capabilities are referred to as executive functions (EFs).16
EF embraces components such as problem solving, task planning,
judgment and reasoning that are related to mobility and safe
navigation.15 Attention is a speciﬁc type of EF15 and attention-
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cognitively impaired elderly patients.17 To accomplish a task,
attentional mechanisms are necessary to select further processing
and selection by location takes precedence over object-based
attention although both interact.18 According to Benson et al2
memory and motivation come on late in the course of the disor-
der. Four of the ﬁve patients in their study had been described as
having almost normal memory at the time of diagnosis but testing
had been informal. In our study seven patients had mild to mod-
erate cognitive impairment based on the MMSE scores. The MMSE
scores have been reported as similar in elderly fallers and non-
fallers, while fallers performed poorly in speciﬁc common domains
such as EF and attention.19
In our study group, although age and comorbidities individually
could have increased the risk of falls, they could be risk factors in
the development of structural and functional changes in the re-
gions involved. In PCA the functional changes begin and are
centered in the posterior lobes even in the late stage.20 The average
age in the study group was 75 years. Three of the patients were
heavy drinkers and alcoholic patients show a greater risk of gray
matter volume loss in the prefrontal cortex. Although a causal link
between alcohol and PCA seems remote, alcohol consumption
could be a factor interacting with any other factor to reduce the
threshold for the progression of dementia.
Changes in the white matter and gray matter volumes in the
occipitoparietal regions and ventricular expansion occur in PCA and
with white matter disintegration, and are associated with break up
of the visuospatial and attentional mechanisms. The latter requires
higher cognitive functioning that permits deliberation of the
environment to movement and safe navigation. Awareness and
early recognition of the risk factors for cerebrovascular disease may
slow progression of the disease. Our ﬁndings help further to unfold
the pathophysiology of the PCA syndrome that is associatedwith an
array of neurological and neuropsychological manifestations. The
ﬁndings are treated as preliminary and further study with larger
samples is needed.
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